Idiopathic scoliosis is a three dimensional curvature of the spine with no clear underlying etiology. Adolescent idiopathic scoliosis (AIS) is the single most common form of spinal deformity seen in orthopedic practice affecting children aged 10 years to maturity.
Since Burner et al. 1) first reported low bone mineral density (BMD) in patients with AIS in 1982, several studies have evaluated the relationship between osteoporosis and scoliosis in pediatric and adult patients. Most investigators have found that the prevalence of osteoporosis in patients with AIS is much higher than that in the general pediatric and adolescent populations. 2, 3) Bone mass increases progressively during childhood, but mainly during adolescence. Approximately 90% of adult bone mass is gained during the first two decades of life.
4) The causes of osteoporosis or osteopenia in patients with AIS are unknown and whether poor bone quality is an etiological factor remains controversial. 5) We compared bone mineral status in patients with AIS and a control group and evaluated the effect of brace treatment on BMD in these patients.
METHODS
The subjects were patients with AIS (age, 10-30 years, before the estimated age of peak bone mass). The diagnosis of idiopathic scoliosis was confirmed after history taking, a physical examination, and a radiographic evaluation by two senior consulting spine surgeons. Forty-six patients referred to the Chamran University Hospital Clinic for a routine follow-up were included. Patients with congenital, neuromuscular, or metabolic etiologies and those with skeletal dysplasia or endocrine and connective tissue disorders were excluded from the study.
Healthy boys and girls of similar age were recruited from outpatients who were referred to Chamran Clinic with minor trauma of the extremities. All normal controls were physically examined to exclude any hidden scoliosis before enrolling them in the study. Exclusion criteria for the control group were the same as those for the AIS group. 
Evaluation of Bone Mineral Status
BMD of the lumbar spine (L1-L4) and unilateral proximal femur (neck, Ward's triangle, and greater trochanter) were measured by dual-energy X-ray absorptiometry (DEXA; Hologic, Discovery, QDR series, GE Medical, Milwaukee, WI, USA) in both the patient and control groups.
Statistics
The statistical analysis consisted of two parts: (1) a multivariate analysis of variance was used to compare the BMDs and anthropometric data between patients with AIS and age-matched normal controls; and (2) Pearson correlation analysis was used to evaluate the association between BMD and the anthropometric parameters. A p < 0.05 was considered significant.
RESULTS

Subject Characteristics
Among the 100 subjects included, 46 were in the AIS group and 54 healthy people were in the control group. The AIS group was subdivided into two subgroups: 29 patients were in group 1 (without brace treatment and waiting for operation) and 17 patients were in group 2 (with brace treatment). Patients in group 2 used a brace for at least 6 months prior to the study. A Milwaukee brace was used in 11 patients and the Thoraco-Lumbo-Sacral Orthosis (TLSO; Boston brace) was used in six patients. Tables 1 and 2 show the distribution of subjects in the AIS and control groups according to chronological age and sex. Mean age was not different between the two groups (17.8 ± 4.9 years vs. 16.6 ± 3.9 years; p > 0.05).
Anthropometric Measurements
Mean body weight in the AIS group was 47.07 ± 9.22 kg and that in the control group was 54.22 ± 11.8 kg. Mean height in the AIS group was 158 ± 9.1 cm and that in the control group was 159 ± 7.2 cm. The difference in body weight was significant, but no difference was found in height between the two groups (p < 0.05), explaining why the difference in BMI was significant ( Table 3) .
Analysis of the anthropometric data in the AIS group (Table 4 ) revealed no differences between body weight, height, or BMI in patients with and without brace treatment (p > 0.05).
We used the Lenke classification for AIS curves in our patients. Among the 46 patients in the AIS group, 73.9% had right-sided scoliosis (Table 5) , and the most common curve type (78.3%) was Lenke type I (Table 6 ).
Low BMD in AIS
All BMD values at the lumbar spine and hip were signifi- cantly lower in patients with AIS than those in the control group except at the femoral neck area (Table 7) . In addition, a significant difference was found between lumbar spine and hip measurements in the groups. The difference in hip and lumbar spine Z-score values was also significant between the two groups (Table 8) .
Based on lumbar spine Z-score values, osteopenia was found in 37% and osteoporosis in 28.4% of the patients with AIS, which was significantly higher than those in the control group (p < 0.05). The results in the control group were 29.6% and 7.4% respectively (Fig. 1) . Osteo- Values are presented as mean ± SD. BMD: bone mineral density, AIS: adolescent idiopathic scoliosis. penia and osteoporosis in the hip region were also significantly more common in the AIS group than those in the control group (Fig. 2) . No difference in BMD was found between patients with AIS who used a brace and those who did not (Table 9) .
DISCUSSION
Osteoporosis is the most common metabolic bone disorder of adults but is very rare in the young. BMD in children can be affected by body weight, body height, physical activity, or nutritional status. 6) Regular exercise significantly increases peak bone mass. 7) Several studies have described the association between osteopenia and spinal deformities in patients with idiopathic scoliosis; [8] [9] [10] [11] however, most series consisted of a small number of subjects with poorly documented demographic data, age, and anthropometric parameters.
The causes of osteoporosis or osteopenia in patients with AIS remain unknown and whether poor bone quality in these patients is a primary or secondary cause remains undetermined. Lee et al. 12) reported that low calcium intake in patients with AIS may be a contributing factor, whereas Cheung et al. 13) suggested that the low bone mass in patients with AIS may result from abnormal bone mineralization and, thus, they fail to catch up with increased bone growth during the peripubertal period.
Several techniques are available to assess bone mineral status such as single-photon absorptiometry, dual photon absorptiometry, DEXA, quantitative computed tomography, and qualitative ultrasound. DEXA is the gold standard because of the low radiation dose (2-5 mrem), wide availability, ease of use, short scan time, high resolution images, good precision (1%-2%), and stable calibration.
The T-score is the number of standard deviations below the average for a young adult at peak bone density, whereas the Z-score is the number of standard deviations below an average person of the same age. According to WHO criteria, osteoporosis is defined as T-score < -2.5 and osteopenia as a T-score from -1 to -2.5. As the study and control group had not reached peak bone mass (30 years), the Z-score was taken for analysis of osteoporosis and osteopenia.
In the present study, BMD of the lumbar spine in 65.4% of the patients with AIS was < -1 standard deviation of the age-matched normal population, while the result in the control group was 37%. We confirmed the correlation between AIS and low bone mineral status in this group of patients. Although patients with AIS had a generally low BMD at different sites, it was interesting to find that BMD of the lumbar spine was less affected than that of the hip in these patients. However, this may, in part, be related to error in the BMD measurement by the DEXA scan, caused by the deformity and axial rotation of the vertebrae, which always occurs in AIS.
Bracing is the most common form of non-invasive treatment for patients with scoliosis at risk for progression. Several investigations have been conducted concerning this issue and formed some conflicting conclusions. [14] [15] [16] [17] We found no significant difference in BMD values of the lumbar spine and hip between patients with AIS with brace treatment and those waiting for surgery without a brace.
Do we need to treat osteopenia and osteoporosis in these patients? Would that affect the progress of scoliosis and, from a long-term perspective, the anticipated adult osteoporosis problem? These implications merit more longitudinal controlled research. A follow-up longitudinal study of the nutritional status and physical activity in patients with AIS compared with those in normal controls will be necessary for a better understanding of this phenomenon.
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